acterial infections among patients receiving myelosuppressive chemotherapy for solid cancers and lymphomas lead to complications, hospitalization, the use of major resources, 1 delays and dose reductions in chemotherapy regimens, 2 and in some cases, death. Guidelines have generally advised against the routine use of antibiotics for prophylaxis, 3-5 but a recent survey of 3600 physicians in the United States revealed that 45 percent routinely use fluoroquinolone prophylaxis in patients receiving chemotherapy. 6 Uncertainty about the prophylactic use of antibiotics continues despite decades of controversy and investigation. 7, 8 Meta-analysis of nine trials (involving 731 patients) comparing fluoroquinolone prophylaxis with no prophylaxis demonstrated significant reductions in a number of outcomes of infection. 9 However, when blinded trials alone were analyzed, there was no reduction in the incidence of fever, and seven trials did not analyze data on an intention-to-treat basis. Finally, most trials focused on in-patient care of patients with leukemia; patients with solid tumors who were receiving standard-dose chemotherapy were included in only three of the nine trials.
Meta-analyses have indicated that fluoroquinolones are more likely than trimethoprim-sulfamethoxazole to have prophylactic efficacy and that the addition of a penicillin or macrolide antibiotic does not further reduce the incidence of febrile episodes. 9, 10 Levofloxacin is an agent with an acceptable side-effect profile that is administered once daily, thus optimizing compliance, a major issue in prophylaxis. It is active against a wide range of gram-negative pathogens, as well as some grampositive bacteria and organisms causing atypical pneumonias. 11 We conducted a large, randomized, double-blind, placebo-controlled trial designed to determine the efficacy of an empirical strategy, offering seven days' prophylaxis with levofloxacin during the period of anticipated neutropenia in patients with solid cancers or lymphomas who were considered at risk for infection during cyclic, myelosuppressive chemotherapy.
patients
Oncology or hematology specialists throughout the United Kingdom who were treating patients for cancer were invited to participate in the trial. Adults (defined as those at least 16 years of age) commencing cytotoxic chemotherapy for solid tumors or lymphoma and at risk for bacterial infection were randomly assigned to receive levofloxacin or matching placebo for seven days to cover the period of anticipated neutropenia. The protocol listed widely used chemotherapy regimens and doses associated with a known risk of cyclic severe neutropenia (fewer than 500 neutrophils per cubic millimeter) but that were not routinely given with granulocyte colony-stimulating factor (G-CSF) or stem-cell support. Patients remained enrolled in the trial for up to six cycles of chemotherapy. A cycle of chemotherapy was defined as the standard, minimal duration of a particular regimen between the start of one treatment and the next that was sufficient to allow recovery from acute adverse effects, including myelosuppression. Exclusion criteria at the time of randomization were active infection, current antibacterial therapy, planned use of G-CSF, a history of adverse reactions to fluoroquinolones, epilepsy, a creatinine clearance below 40 ml per minute, pregnancy, and breast-feeding.
All patients gave written informed consent, and the research was approved by the ethics committee of each participating institution. The commercial sponsor played no role in the design of the trial, recruitment, data collection, analysis, or writing of the manuscript.
randomization
Randomization involved the use of a computerized minimization algorithm, which was developed and kept securely by the Cancer Research UK Clinical Trials Unit, Birmingham, and was accessed by participating investigators by means of the telephone. Patients were stratified according to age (less than 40 years, 40 to 59 years, or 60 years or older), the type of cancer (breast cancer, testicular cancer, small-cell lung cancer, non-Hodgkin's lymphoma, Hodgkin's disease, or other), and treatment center. The following baseline variables potentially related to the risk of infection were recorded at randomization: World Health Organization (WHO) performance status, adjuvant use of chemotherapy, presence of a long-term indwelling venous catheter, and previous myelosuppressive chemotherapy or previous radiotherapy likely to compromise bone marrow function.
outcome measures
The primary outcome measure was the incidence of clinically documented febrile episodes, defined by a core temperature exceeding 38°C, attributed to in- The new england journal of medicine 990 fection. The incidence of all probable infections was a secondary outcome measure. Probable infections were defined by at least one of the following: a clinically documented febrile episode; other signs attributed to a systemic response to infection, such as hypothermia (temperature below 35.6°C), lowgrade fever (temperature, 37.5 to 37.9°C), tachycardia (more than 90 beats per minute), or tachypnea (more than 20 breaths per minute); signs of a focus of infection; or the use of antibacterial therapy. Physicians were required to report episodes that occurred during each chemotherapy cycle or within four weeks after the final cycle. The incidence of hospitalization for infection and the frequency of severe infection were further secondary outcome measures. Severe infections were defined by the presence of infection-related sepsis syndrome (i.e., infection causing hypotension with or without evidence of impaired organ perfusion), death from infection, or both. Additional secondary outcomes included the site of infection and the neutrophil count at the onset of infection. Microbiologic outcomes included causative organisms isolated during infection. The clinical significance of isolates was assessed by a microbiologist who was unaware of patients' treatment assignments.
On the diagnosis of an episode of infection, patients were evaluated and treated according to clinical findings and local policy. Study medication was withdrawn for that cycle alone, but patients could remain in the trial for subsequent cycles if blinding had been maintained.
trial medication
Trial medication consisted of 500-mg tablets of levofloxacin or matching placebo, supplied in singleuse packs sufficient for six cycles and identified only by a unique number. The tablets were dispensed one cycle at a time to be taken once daily for seven consecutive days just before and during the anticipated period of neutropenia. Treatment began on day 8 for 14-day and 21-day cycles, on day 5 for regimens associated with an early onset of neutropenia (e.g., docetaxel), and on day 15 for 28-day cycles. To facilitate compliance monitoring, patients reported the number of tablets taken with each cycle, and the trial-medication bottles were returned to the pharmacies for pill counts after each cycle.
The host pharmacy was allowed to break the code in the event of a serious adverse event attributed to the study drug or a serious infection for which this knowledge was deemed essential to guide antibacterial therapy. Unblinding was not offered routinely in the event of a febrile episode. Instead, patients continued to take the assigned drug during subsequent cycles.
The study drug was permanently discontinued if the physician believed antibacterial prophylaxis was definitely indicated, if unblinding was required, or if an adverse event occurred that was attributed to the study drug and thus warranted its discontinuation. If the study drug was discontinued before the completion of the planned number of chemotherapy cycles, monitoring for outcome measures continued for up to six cycles to allow the inclusion of the patient in an intention-to-treat analysis.
statistical analysis
We estimated that we would need to enroll 1500 patients for the study to have a statistical power of 80 percent to detect a halving of the rate of febrile episodes in the first cycle in the levofloxacin group, as compared with the placebo group, and a power of 90 percent to detect a one-third reduction in the cumulative rate of febrile episodes during all cycles, given a significance level of 5 percent. Rates of febrile episodes, all probable infections (including febrile episodes), hospitalization for infection, and severe infections per patient were compared with the use of continuity-adjusted chi-square tests. The analysis was carried out on an intention-to-treat basis, with all patients included in their assigned treatment groups and the small numbers of patients with an unknown outcome (which were similar in the two groups) combined with those who had no events. A sensitivity analysis confirmed the validity of this assumption.
The relative differences between the treatment groups were expressed as relative risks with 95 percent confidence intervals. Data on secondary outcomes relating only to cycles with infection are presented descriptively.
From August 1999 to April 2003, 1565 patients from 60 centers underwent randomization, 784 to placebo and 781 to levofloxacin (Fig. 1) . Three patients in each group were ineligible but were included in the intention-to-treat analysis. A total of 90.5 percent of patients had a WHO performance status of 0 or 1, and nearly half were treated in the adjuvant context. About one third of the patients had breast cancer, but substantial numbers were treated for testicular and small-cell lung cancers. The treatment groups were well balanced with respect to all baseline characteristics and risk factors (Table 1) . A total of 6869 cycles were analyzed. The number of cycles studied and the numbers of patients with missing data were similar in the two groups ( Fig. 1) .
infection
Of the 1565 randomized patients, 203 (13.0 percent) had at least one febrile episode, and there were 248 febrile episodes in total (3.6 percent of cycles). At least 1 probable infection occurred in 592 patients (37.8 percent), and there were a total of 817 probable infections (11.9 percent of cycles) ( Table 2) . A clinically documented febrile episode occurred during the first chemotherapy cycle in 27 of 781 patients in the levofloxacin group (3.5 percent), as compared with 62 of 784 patients in the placebo group (7.9 percent) ( Table 3 ). The relative risk of a clinically documented febrile episode was 0.44 (95 percent confidence interval, 0.28 to 0.68; P<0.001), indicating a 56 percent reduction in the risk of fever during the first cycle with the use of levofloxacin therapy, as compared with placebo. There was also a significant reduction in the incidence of the more inclusive category of probable infections with levofloxacin prophylaxis, as compared with placebo, resulting in a 28 percent reduction in the risk during the first cycle of chemotherapy (relative risk, 0.72; 95 percent confidence interval, 0.57 to 0.90; P=0.005).
Events related to infection in individual patients during multiple cycles are not independent: patient factors, changes in treatment, and possible bacterial resistance resulting from antibacterial treatment in an earlier cycle may influence the risk of infection and the effect of prophylaxis in subsequent cycles. For this reason, data obtained during the entire chemotherapy course were analyzed per patient rather than per cycle, and levofloxacin was found to confer a protective benefit similar to that identified in the analysis of the first cycle (Table 3) . During the entire course of chemotherapy, 84 of 781 patients in the levofloxacin group had a clinically documented febrile episode (10.8 percent), as compared with 119 of 784 patients in the placebo group (15.2 percent). Prophylactic levofloxacin was thus associated with a 29 percent relative reduction in the risk of a febrile episode (relative risk, 0.71; 95 percent confidence interval, 0.55 to 0.92; P=0.01) and an 18 percent relative reduction in the risk of probable infection (relative risk, 0.82; 95 percent confidence interval, 0.73 to 0.94; P=0.004). Only 36 patients (2.3 percent) had more than one febrile episode, but the incidence of multiple fevers was more than halved among those receiving levofloxacin, as compared with those receiving placebo (10 vs. 26). 
hospitalization for infection
The reduction in the incidence of febrile episodes and probable infection associated with levofloxacin prophylaxis was reflected in a significant reduction in the percentage of patients hospitalized for infection (Table 3 ). There was a 36 percent reduction in the risk of hospitalization during cycle 1 with levofloxacin therapy, as compared with placebo (relative risk, 0.64; 95 percent confidence interval, 0.46 to 0.90; P=0.01), and a 27 percent reduction across all cycles (relative risk, 0.73; 95 percent confidence interval, 0.59 to 0.90; P=0.004).
severe infections
Severe infection, characterized by infection-related sepsis syndrome, death, or both, occurred in 8 patients in the levofloxacin group, as compared with 16 in the placebo group (1.0 percent vs. 2.0 percent, P=0.15); 4 patients died in each group. The eight severe infections in the levofloxacin group (including those resulting in the four deaths) occurred outside the period in which the white-cell count was expected to be lowest or when the patients were not taking levofloxacin (because of a failure to prescribe the drug, the discontinuation of levofloxacin therapy, or noncompliance with therapy). In comparison, 8 of the 16 severe infections in the placebo group, including those leading to three of four deaths, occurred during the expected nadir period while the patients were taking placebo.
timing of infections and compliance
Patients took the study drug on all seven days in 71.7 percent of cycles, and the percentages were similar in the two groups (Table 4) . A failure of prophylaxis was defined by the onset of a febrile episode during prophylaxis, with documented compliance up to the day of infection. In the levofloxacin group, 25.8 percent of febrile episodes (25 of 97) were considered failures of prophylaxis, as compared with 40.4 percent of such episodes in the placebo group (61 of 151) ( Table 4) .
microbiologic outcomes
The organism that was the probable cause of the febrile episode or episode of probable infection was isolated less frequently among patients in the levofloxacin group than among patients in the placebo group (7.2 percent vs. 14.6 percent and 4.6 percent vs. 12.6 percent, respectively) ( Table 4) . Gram-neg-* In these 31 episodes, the only evidence of a probable infection was the reported use of antibacterial therapy in 18; no further data were available for the other 13 episodes. The new england journal of medicine 994 ative organisms were isolated on 37 occasions. Of the 13 isolates for which data on fluoroquinolone susceptibility were available, 12 were sensitive; the 1 resistant organism was from a patient in the placebo group (see Tables 1 and 2 of the Supplementary Appendix, available with the full text of this article at www.nejm.org). Of the eight probable instances of bacteremia in the levofloxacin group, three were regarded as the result of probable contaminants in the culture, two occurred outside the treatment period, and the other three occurred in patients who were not taking levofloxacin.
adverse events
Adverse events were reported in 118 of 6869 cycles of chemotherapy (1.7 percent). There was a slight excess of adverse events in the levofloxacin group, owing to a higher rate of minor gastrointestinal symptoms and rash (Table 4) .
We addressed the efficacy of antibacterial prophylaxis in patients treated for solid cancers with chemotherapy regimens associated with short periods discussion * A febrile episode was defined by a temperature of more than 38°C. CI denotes confidence interval. † The P values, determined by the chi-square test, are for a "yes" answer as compared with a "no" answer or unknown status. of neutropenia and thus an increased risk of infection. A simple, clinically relevant objective observation (fever, as defined by a temperature of more than 38°C) attributed to infection was chosen as the primary outcome measure because, in routine practice, this finding often triggers urgent treatment of infection in patients who may have neutropenia. Microbiologic confirmation was not required to meet this end point, since it was assumed that such a stipulation would result in the underreporting of infections and that prophylaxis might interfere with culture results, causing bias. Our results confirm this supposition: organisms were isolated in only a minority of febrile episodes (11.7 percent) and probable infections (9.2 percent), and organisms were isolated more frequently from cultures in the placebo group than in the levofloxacin group (Table 4) . It is possible that some true episodes of infection were not reported and that some reported events attributed to bacterial infection were, in reality, due to other causes (e.g., viral infection). The occurrence of either possibility would tend to decrease the sensitivity of the trial to detect a true prophylactic effect of levofloxacin. However, the randomized, doubleblind, placebo-controlled design means that any diagnostic inaccuracies were independent of treatment allocation and should not have biased the results.
To maximize the collection of data for the clinical end point in this large, multicenter trial of outpatients, we chose not to collect extensive data on the antibacterial resistance of infecting or colonizing isolates. This is an important limitation. Antibacterial prophylaxis might select for microbial resistance, and conversely, resistance patterns may affect prophylactic efficacy. Many factors affect the incidence of bacterial resistance, but there is a long history of misuse of antibacterial agents, 12 and a correlation between national levels of outpatient use of antibacterial agents and resistance has been demonstrated across Europe. 13 The effect on the development of resistance with the repeated use of short periods of fluoroquinolone prophylaxis on an outpatient basis among patients receiving cytotoxic chemotherapy is unknown. One possible consequence would be increasing bacterial resistance. Alternatively, a reduction in the incidence of hospitalization and the use of broad-spectrum antibacterial agents in that setting might reduce selection pressure for bacterial resistance among patients with cancer. This large, randomized controlled trial was designed to show whether levofloxacin prophylaxis to reduce clinical infection is a rational approach in a defined group of at-risk patients. However, our results alone cannot be used to determine whether a policy of antibacterial prophylaxis should be applied systematically.
Thirteen percent of patients receiving conventional-dose chemotherapy for solid tumors or lymphoma had at least one febrile episode, with an overall incidence of 3.6 percent per cycle. During the entire course of chemotherapy, approximately one third fewer patients in the levofloxacin group than in the placebo group had a febrile episode (10.8 percent vs.15.2 percent). The incidence of fever during the first cycle of chemotherapy among the patients in the levofloxacin group was less than half that among patients in the placebo group (3.5 percent vs. 7.9 percent). Not all infections are characterized by fever; hence, the inclusion of the outcome of probable infection. This category is heterogeneous, more dependent on the interpretation of clinical data by the physician, and more likely to include events that cannot be prevented by antibacterial prophylaxis. Thus, a smaller proportion of these events than of febrile episodes was associated with a neutrophil count of less than 100 per cubic millimeter. Levofloxacin prophylaxis was still associated with a significant reduction in the overall risk of probable infections. The overall incidence of severe infections was just 1.5 percent, and although the incidence was 50 percent lower with levofloxacin than with placebo, the trial was not powered statistically to detect the ability of prophylaxis to prevent severe infection or death from infection. The reduction in the incidence of hospitalization for the treatment of infection was significant and equivalent to a saving of about 38 hospital days per 100 patients given levofloxacin prophylaxis. Forty percent of fevers occurred outside the expected period of neutropenia (i.e., the period of prophylaxis) ( Table 4 ). This finding calls into question the optimal timing and duration of prophylaxis. All severe infections and deaths from infection in the levofloxacin group occurred either outside the period of prophylaxis or among patients who were not taking the study drug. This finding emphasizes the importance of compliance.
A trial conducted by the European Organisation for Research and Treatment of Cancer 14 randomly assigned 163 patients with small-cell lung cancer to receive ciprofloxacin plus roxithromycin or placebo alone for 10 days after chemotherapy. The group that received prophylaxis had a marked reduction in infection-related outcomes, including death, partic- ularly in a cohort receiving intensified chemotherapy with G-CSF. We extend these findings, reporting a significant benefit from single-agent prophylaxis for seven days in a much larger cohort of patients with a wide spectrum of cancers and treatments, including 220 patients who received nonintensified chemotherapy for small-cell lung cancer with no G-CSF.
There is more than one strategy for using the limited repertoire of orally bioavailable antibacterial agents to combat neutropenic infection. Instead of routine prophylaxis, fluoroquinolones might be used empirically to treat neutropenic infections in patients predicted to be at low risk for complications. 15 To date, trials comparing fluoroquinolones with intravenous antibiotics have required patients to be hospitalized until fever and neutropenia resolve, 16, 17 so routine use of this alternative approach is not yet appropriate for patients receiving chemotherapy.
In conclusion, the administration of levofloxacin for seven days to cover the expected period of severe neutropenia after cyclic, standard-dose, myelosuppressive chemotherapy in patients with solid cancers or lymphoma significantly reduced the incidence of clinically documented infection and hospitalization for the treatment of neutropenic infection, with minimal adverse effects. The small number of isolates identified and the incomplete susceptibility data did not allow us to determine the effect of prophylaxis on antibacterial resistance.
Our findings can be used to develop rational strategies to minimize the effect of infection during neutropenia in patients with cancer. Our results complement the positive findings of a contemporaneous Italian collaborative trial of levofloxacin prophylaxis reported elsewhere in this issue of the Journal . 18 Taken together, the findings call for detailed microbiologic studies to determine whether the demonstrated clinical benefit is associated with resistance problems in the wider community of patients with cancer. 
